Some evidence indicates excess mortality among patients transferred out of the ICU prematurely. 5, 6 We are unaware of any data assessing outcomes associated with remaining in the ICU longer than appears medically required; such delays may increase mortality rates by prolonging the risk of ICU-acquired complications.
Our goal was to assess how the timing of transfer out of ICU influences mortality. We were able to study the consequence of remaining in the ICU longer than the treating physicians deemed to be medically indicated because, owing to frequently inadequate availability of beds in the general care areas, patients in our ICU commonly experience such transfer delays. We hypothesized that delays in transferring patients out of the ICU due to lack of available beds in step-down units would increase mortality.
Methods
The data for this study were collected prospectively in the 13-bed medical ICU of MetroHealth Medical Center, a 520-bed urban, county-owned, university-affiliated hospital located in Cleveland, Ohio. The data span August 2002 to March 2007, excluding March to May 2004 when data collection was suspended because of personnel limitations. Care in this closed-model ICU was provided by a rotating team comprising a board-certified intensivist, an ICU fellow, and a group of 5 house officers who took overnight call on rotation. Formal rounds were made twice daily by this team. Rotations were 4 weeks long for the ICU fellow and house officers and 2 weeks long for the intensivists. The intensivist took calls from home at night. The nurse to patient ratio averaged 1:2. Decisions to transfer patients out of the ICU were made by the intensivist and fellow; no set policies regarding these decisions were in place.
Patients were included if they survived their stay in the ICU. The date and time were recorded for (1) hospital admission, (2) ICU admission, (3) the request to transfer the patient out of the ICU, (4) transfer out of the ICU, and (5) hospital discharge. The pre-ICU length of stay (PreLOS) was the time from hospital admission to ICU admission. The time from ICU admission until the transfer request is denoted as ICULOS desired . ICU discharge delay was defined as the time elapsed from when a request for transfer to a bed in a general care area was received in the hospital's admitting office to the time that the patient left the ICU. Time intervals were measured in fractional hours.
To avoid erroneous mortality rates due to patients with multiple ICU admissions, we included only each patient's first ICU admission during the study period. We also excluded patients discharged from our hospital directly to another acute care hospital and patients with ICU discharge delays exceeding 96 hours. We determined in-hospital mortality from the hospital's computerized information system. We used the 2002 to 2006 Ohio death registry to assess posthospital mortality. We compared the 2 data sources against each other and against the US Social Security Death Index 7 ; a comparison of dates of death for 200 randomly chosen patients showed more than 95% agreement for the 3 sources. L ittle other than subjective clinical judgment is available to help clinicians determine when a patient should be transferred out of the intensive care unit (ICU).
1,2
The criterion of no longer requiring care that can be supplied only in the ICU 1 seems straightforward to apply for mechanical ventilation and vasopressors, but less so for many interventions that are used in ICUs but are often performed outside of them as well. The decision about the need for ICU nursing care is largely subjective. As in other domains of clinical judgment in the ICU, large individual variation between physicians is likely. 3, 4 In addition, bed availability can influence when patients leave the ICU. Admissions when the ICU is fully occupied can result in patients being transferred out before the physician would like, whereas limited availability of beds in step-down areas can lead to transfer occurring later than desired.
sources. Care limitations were represented by 2 mutually exclusive variables representing the presence, at any time in the ICU, of orders to (1) provide only comfort care, or terminally withdraw any form of life-supporting therapies that had been initiated, with the expectation of imminent death, or (2) withhold life-supporting therapies within the context of otherwise providing all indicated care.
When preliminary analysis indicated that all members of a category had the same outcome, it was combined with the most closely related category. We tested for nonlinear relationships between the dependent variable and continuous covariates by using restricted cubic splines 12 ; variables found to have such relationships were included in the model as splines. The best-fitting logistic regression models were determined as those with the lowest value of Akaike's information criterion. 13 To explore the causes of ICU transfer delay, we similarly constructed a quantile regression model for the 90th percentile of ICU discharge delay. 12 This model additionally included post-ICU location, hospital survival status, and the number of samesex patients contemporaneously awaiting transfer out of this ICU.
Discrimination of logistic regression models was evaluated with the c statistic. Model calibration was addressed via the Hosmer-Lemeshow H statistic, for which a nonsignificant P value can be taken as indicating adequate calibration.
14 Goodness of fit for quantile regression was assessed as the pseudo R 2 . 15 Standard errors in logistic regression were calculated with the Huber-White robust sandwich estimator, 13 whereas for quantile regression, we used bootstrapped standard errors with 1000 repetitions. 16 Continuous data are presented as mean (SD). Categorical data are presented as proportions. P values less than .05 are considered significant. Statistical analysis was done with Stata 10.0 software. This study was approved by the hospital's institutional review board, which waived informed consent.
Results
Of 2624 eligible patients, 30-day and 60-day mortality information was unavailable for 223 and 285 patients, respectively. Our primary analysis included the 2401 unique ICU survivors with known 30-day mortality (Table 1) . Their mean delay in being transferred out of ICU was 9.6 (SD, 11.7) hours (range, 0-93 hours). The fractions having ICU discharge delay of 0 to 12, 12.01 to 24, 24.01 to 48, 48.01 to 72, and 72.01 to 96 hours were 78.9%, 11.2%, 7.7%, 1.8%, and 0.5%, respectively; 23.7 hours represents the unconditional 90th percentile Our primary analysis used multivariable logistic regression to evaluate the impact of ICU discharge delay on mortality to 30 days after ICU admission. We used 30-day mortality instead of the more commonly reported in-hospital mortality because the latter is highly sensitive to interhospital and posthospital transfer patterns, which differ between hospitals and can change over time 8, 9 ; a fixed time point is much less influenced by such artifacts. Existing information indicates that in-hospital mortality and 30-day mortality are influenced by similar factors. 9, 10 Similar models were constructed for hospital mortality and mortality to 60 days after ICU admission. These models included slightly different numbers of individuals because the Ohio death data available for this project ended December 31, 2006.
Models included adjustments for patients' demographics, comorbid conditions, type and severity of acute illness, PreLOS, source of ICU admission, whether ICU admission occurred at night or on a weekend (Saturday or Sunday), existence of care limitation orders in ICU, ICULOS desired , and whether the transfer request was initiated at night or on a weekend.
Demographics were age, sex, and race dichotomized into white versus nonwhite. Comorbid illness was quantified as the presence of 31 specific preexisting conditions, 11 as recorded in the hospital's administrative and billing database. We subdivided the 31 conditions into 2 groups. Group 1 comprises conditions that are predictive of poorer outcomes. Group 2 comprises comorbid conditions that have previously been associated with lower mortality 11 ; this association most likely represents the effect of coding bias, wherein milder chronic conditions are less likely to be coded for more severely ill patients. The 2 comorbid illness variables included in our models were the number of conditions present within each of these groups.
Acute diagnostic groupings were coded as the organ system responsible for ICU admission (respiratory, cardiovascular, gastrointestinal, neurologic, miscellaneous medical conditions, or surgical conditions/trauma). Severity of acute illness was measured by using the worst value in the initial ICU day for the acute physiology score (APS) from the Acute Physiology and Chronic Health Evaluation II, and the need for invasive mechanical ventilation. The source of ICU admission was coded as the emergency department, other care areas in the hospital, other ICUs, an outside hospital, or other
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Discussion
Our analysis indicates complex effects of delays in leaving the ICU. That mortality rates progressively decreased with increasing ICU discharge delay up to 20 hours suggests that, on average, these patients would have benefited from an extra day in the ICU. Delaying ICU discharge beyond 20 hours increasingly elevated mortality. These data suggest that there is an optimal window of time for patients to leave the ICU, with worse outcomes if they are discharged earlier or later than the optimal timing. U-shaped relationships often indicate the confluence of 2 opposing influences.
A possible explanation for the observation that our patients had higher survival rates if they spent approximately 1 extra day in the ICU is suggested by investigators who found that higher severity of illness on the day of ICU transfer was associated with higher post-ICU mortality. 5 Because our patients were believed by their physicians to be ready for transfer, our findings indicate that clinical judgment is inadequate for determining when it is safest for patients to leave the ICU. Although further clarification could come from assessing severity scores on the final ICU day, our data set does not contain that information.
The observed increase in mortality with longer delays in leaving the ICU is a phenomenon that has not been previously reported. However, this evidence validates the belief that ICUs are dangerous places for patients. Possible mechanisms for this phenomenon include prolongation of exposure to ICU-acquired pathogens or other ICU-acquired complications. An example of the latter would be complications from vascular catheters that are no longer needed but are not removed until just before the patient leaves the ICU.
The prior literature on delayed discharge from the ICU is sparse. Discharge delays from a neonatal ICU in New York were associated with greater severity of illness. 17 However, most delays from an adult ICU in Australia were due to unavailability of beds of this variable. Most patients (85%) were transferred from ICU to general care areas; 12% left the hospital directly from the ICU. Six percent died before hospital discharge; mortality at 30 days after ICU admission was 10.1%. Table 1 also shows the characteristics of the entire cohort of 2624 unique ICU survivors.
Noting that 90% of transfer delays were less than 24 hours, we used all 2624 ICU survivors to construct a quantile regression model for long delays, taken as the 90th conditional percentile of ICU discharge delay. 12 The only variables significant in this model were the number of same-sex patients contemporaneously awaiting transfer from the ICU and the ICU discharge location ( Table 2 ). The first of these, a measure of competition for transferring out of the ICU, ranged from 2.7 extra hours of delay with 1 other ICU patient in competition, to 47.3 extra hours if a patient was vying for beds outside the ICU with 4 or more other patients. This variable had, by far, the strongest association with ICU discharge delay; the pseudo-R 2 of the model decreased from 0.36 including all variables to just 0.08 after this variable was removed from the model. No measures of illness type or severity were significant in this model, including age, APS, or in-hospital death.
The model of 30-day mortality had a c statistic of 0.885 and a Hosmer-Lemeshow P value of .72. Significant covariates were age, sex, comorbid conditions, source of ICU admission, acute diagnosis, APS, mechanical ventilation status, orders limiting use of life-supporting therapies, and ICU discharge delay ( Table 3 
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Form in the model
Mortality rates decreased with increasing ICU discharge delay up to 20 hours.
in general care areas, 18 similar to our experience. We are not aware of prior studies in which the consequences of such delays were assessed, except to observe that they most likely increase hospital costs. 17, 18 The reason for delayed ICU discharge is central to the interpretation our findings. Although our purpose was to evaluate the impact of remaining in the ICU longer than deemed medically necessary (because of the unavailability of beds in generalcare areas), patients may alternatively be delayed in leaving the ICU because their medical condition worsened before the requested transfer occurred. One would expect delays due to worsening illness to be associated with higher mortality. Although our data set did not include the reason for patients' delayed ICU discharge, 2 lines of reasoning make it unlikely that many patients included in our analysis experienced such delays because of worsening illness. First, our model for ICU discharge delay indicates that nonmedical reasons for ICU transfer delays were predominant. Specifically, the predictive power of that model was almost entirely related to the number of other ICU patients who were competing for beds outside the ICU. No measures of severity of illness, including eventual death in the hospital, were significant predictors of ICU discharge delay. Second, expecting worsening illness to cause longer transfer delays than the delays due to unavailability of beds in general care areas, we restricted our analysis to patients with ICU discharge delays less than 96 hours. Our results did not differ substantially if we instead limited analysis to patients with ICU discharge delays less than 72 hours.
Three additional comments are in order about our methods and results. First, our model of ICU discharge delay used quantile regression instead of ordinary least squares (linear) regression. We made this choice because our goal was to identify variables www.ajcconline.org 
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Odds ratio (95% CI) Form in the model but our results indicated the reverse (Table 3) . The likely explanation lies in the interplay between mechanical ventilation, neurologic function, and end-of-life wishes in this cohort of ICU survivors. Additional exploration of the data demonstrated that mechanical ventilation was, as expected, associated with higher 30-day mortality among patients with preserved neurologic function, as identified by a high score on the Glasgow Coma Scale (GCS) at ICU admission. For those with poor neurologic function, however, mechanical ventilation was associated with lower mortality. The key additional observation is that most patients with low GCS scores who did not receive mechanical ventilation had orders to withhold life support and died soon after leaving the ICU. Thus, the apparent paradoxical protective effect of mechanical ventilation reflects high mortality among those patients with low GCS scores for whom mechanical ventilation was not applied. Because they did not materially influence the observed relationship between mortality and ICU discharge delay, we chose not to include GCS scores and these interaction terms in our models.
The major limitation of our results is that they derive from a single, medical ICU. Additional analyses demonstrating the generalizability of our findings in other sites and in other types of ICUs are needed. In addition, the association we observed in this observational study between ICU discharge delays and mortality does not prove a causal relationship. Proving causality would require an interventional study, where patients are assigned to various degrees of predetermined discharge delay; such a study would be difficult to perform.
Conclusion
We observed that there is an optimal timing for patients to leave the ICU, with an increasing risk of subsequent death if patients leave the ICU either too early or too late. Our findings further imply that clinical judgment is not reliable for determining that optimal time window. Indeed, 2 professional task forces have recognized that intensivists have little except subjective clinical judgment to guide them in determining when patients should be discharged from the ICU.
1,2 Although further work is needed to confirm and clarify our findings, they indicate that the importance of determining when patients should be transferred from the ICU is not limited to the economic consideration of improving ICU bed utilization. Future research is needed to discover objective, evidence-based, practical methods of determining when patients should be transferred out of the ICU. associated with long transfer delays, whereas ordinary least-squares regression assesses only the mean value. By modeling the 90th conditional percentile of ICU discharge delay, we achieved the goal. 12, 16 Although the alternative strategy of performing logistic regression after dichotomizing ICU discharge delay to generate a variable representing long delays has been used to analyze ICU transfer delays, 18 that approach fails to make optimal use of the available data, it requires justifying the cut point chosen, and it can render incorrect results. 19 Also, quantile regression does not share the problematic assumptions of linear regression, which easily break down for non-Gaussian, highly skewed variables such as time intervals. 12 Although logarithmic transformation sometimes ameliorates the problematic assumptions of linear regression, special methods are then needed to interpret the results. 20 Second, our regression results for 30-day mortality illustrate the importance of allowing for nonlinearity. It is rarely justified to assume that continuous variables are linearly related to the dependent variable in health care research. 12 Indeed, if we had modeled ICU discharge delay linearly, we would have incorrectly concluded that no significant relationship with mortality existed (P = .42). We used restricted cubic splines to assess for nonlinearity because they are flexible, powerful, and simple to interpret. 13 Third, we expected that needing mechanical ventilation reflects a higher severity of illness and would be associated with higher 30-day mortality, 
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